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(57) ABSTRACT 

Methods arc povU.*: "-: r modifying a solid support, such as 
a glass slide, by Sity'miiig with an agent having the formula 
H 2 N-(CH 2 ) a -SiX, where n is between 1 and 10, and X is 
independently chciscii from OMe, OEt, CI, Br, or I, then 
activating with a etc slinking reagent, followed by reacting 
with an amine-cor stmng polymer. The support can option- 
ally b-; reached v a -jrossl inking reagent again. The 
supp*ut thi s rrvcrl ;vd aay bt used to make arrays and 
microarrays where a plurality of targets are stably associated 
with the support and arranged in a defined manner. 
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FIGURE 1. 


F23S1 


5'-ATCCGCCACATAAGATGCACAAAATGAGCCTAT 
AACATTGAATTTT ATGATAGAACGAA-3 ' 


Seq. ID. No. 1 


F23S200 


S'-AACATATGCGAGTTATTGAACTTGGTAGAAAGT 
ACGGAAAGACAC AATAGTATTATCAA-3 ' 


Seq. ID. No. 2 


F23S431 


5 "-AAGTC AC AATATCTTATTATTATTTGGAAGCTTT 
TATATGCATCTAATGGTC ATAAATC-3 ' 


Seq. ID. No. 3 


F23S805 


5 •-AAGTTTCATTAGTGACATTAAAAGAAGAAAACT 
GATGTTTTGAAATGTGTTAAGCAAAG-3 1 


Seq. ID. No. 4 


F23S846 


5'- 

AATGATTAAGACAATCTCAAGCTGCTCTAAGCAG 
TATCTTCGAC AGCTTGCTCTGCTTC-3 ' 


Seq. ED. No. 5 






F44S74 


5 ' AGACG AT AA A ATC ACAGCCCTATAATTT ATGCAA 
CAGTGTTTGCTrCTAAATC AACGTG-3 ' 


Seq. ID. No. 6 


F44S218 


5 'GAAGAAGAGAAGAAC AT AAGCCTTCTCATTCAG 
AAC ATGTAAATAGTGGCTAAAATGGT-3 ' 


Seq. ID. No. 7 


F44S668 


5'TAAAGCCTACTTACGAGAAGAGAGGTAGGACGTT 
GAAGCCAC ATCC AT AAATAATTTTT-3 ' 


Seq. ID. No. 8 


F44S781 


5'CAGTCAGTAACCrTTTAGGCATTGATTCTAGTAA 
CTGTCGAAC ATTATT AACCTTGATG-3 ' 


Seq. ED. No. 9 


F44S943 


5'CTTTTGGTAGTATAGGGGAAAACTCAGCTTGAAA 
CTTTTCGTAATTGAGTAGGCC AAGT-3 ' 


Seq. ID. No. 
10 
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FIGURE 3. 
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POLYMER COATED SURFACES FOR 
MICROARRAY APPLICATIONS 

FIELD CI* INVENTION 

[0001] The present invention relates generally to the field 
of arrays and microarrays and, more particularly, to com- 
positions and methods for modifying the solid supports of 
the arrays and microarrays. 

BACKGROUND OF THE INVENTION 

[0002] Microarrays having a plurality of polymeric mol- 
ecules spatially distributed over and stably associated with 
the surface of a solid support are becoming an increasingly 
important tool in oioanalysis and related fieMs. taicroair-rys 
of both polypeptides and polynucleotides have boen devel- 
oped and find ust- vn a variety of applications, suc-h as gene 
sequencing, monitoring gene expression, gene mapping, 
bacterial identification, dn\g discovery, 3rd combinatorial 
chemistry. One area In particular in which mi-it ■ arrays find 
use is in gens expression analysis. 

[0003] The current methods of manufacturing arrays and 
microarrays immobilize the polynucleotides at specific sites 
on solid supports by either synthesizing the polyc ucleotides 
at the desired position, or by pre synthesizing: the polynucle- 
otides and then attaching them to the solid support U.S. Pr.t. 
No. 5.445.934 discloses a method of on-chip synthesis. In 
this process, a gyass siide is dorivntized v. itb ; chemical 
specie? containing a phMoc leasable protecting group. 
Selected sites ?.rc deprotected by. irradiation thrown z mask. 
The deprotected s: ; es are then reacted with a "ON.A monomer 
containing a pbotcprotective group. Theprcces- of masking, 
deprotecring, and reacting is repeated for each monomer 
attached until in array of sits -specific polynucleotide 
sequences is achieved. 

[0004] , Methods for irr. mobilizing pre-syn?'ic^ 7ed poly- 
nucleotides onto solid supports include simple i Jscrption, 
ultra violet linfcins., and covalcn! attachment. In general, the 
attachment cf unmodified polynucleotides to unmcdiSed 
solid supports is inefficient. Therefore, the polynucleotides 
or the solid support has to be modiiied to ennble iuiachment. 
Thus, polynvcler. tides moduled v/--h bovine scri*.n albumin 
adsorb passively to microtii.sr plates (Southern. E. M PCT 
89/00450), and biorinylated polynucleotides bfnd tightly to 
plates or bead:; that are coated wit!; avidin or strep: avid'o. In 
another method, Carrico, et al., U.S. Pat. Nr. 4,805,546, 
have described trcitment of a nylon support v it!? an alky- 
lating agent to r::rodi:ce amidine groups onto the surface of 
the nylon. Th< derived nylon surface possesses the capacity 
to noncovaieaiiy bind single stranded nucleic ;:eids. The 
noncovalently bound nucleic acids are then used as probes 
to detect specific largei nucleic acids in soialion. 

[0005] In z. different ar»pro?xh. the solid sv.pport modi- 
fied with a suitsb-e f'lnctlcnal group and/or -io\*er. Thus, the 
solid support rjodificd to carry tn active g-cu?, such as 
hydroxyl, carboxyl. am in 2. aldehyde, hydrr/ine , e^ojride, 
bromo acetyl, male:'. ride, *r.d thio: groups (I.urd -Jt al., U.S. 
Pat. No. 5,47:* f< 9.5) on its surfnc: to which cligo-vjclcotide 
can be covalently or non-covdertly linked, ^or exsmpte, 
U.S. Pat. Nn. 5,51*,785 to Ness ct al, discloses r. process for 
covalently attaching cn oligonucleotide to a nyloo support. 
The nylon rapport is iirst treated with an am iir -containing 
polymer thereby forming a repctive imidatc c-s'.^r cm the 



surface of the nyx r\ support. The imidate esters on the 
surface are then- reacted with a primary or secondary amine- 
containing polymer to form amidine residues that are then 
conjugated with activated polynucleotides. In another 
method, disclose*.; in U.S. Pat. No. 6,013,789 to Rampal, 
polypropylene film is nrst aminated by a plasma discharge 
in the presence of ammonia gas, and then contacted with an 
oligonucleotide having a terminal phosphorimidazolide, 
whereupon the oligonucleotide becomes covalently linked 
to the polypropylene film via a phosphoramidate bond. 

[0006] The immobilized polynucleotides can be used to 
construct arrays r r microarrays for hybridization assays. A 
typical method oi ' sing microarrays involves contacting 
nucleotide scquci: : contained in a fluid with the sequences 
immobilized or. mi.Toarrays under hybridization condi- 
tions, and then e^iccu^g the hybridization complex. The 
resultant pattern of hybridized nucleic acids provides infor- 
mation regarding .b : profile of the nucleotide constituents in 
the sample test ju. A widely used method for detecting the 
hybridization cc^i^.Vjs In microarrays is by fluorescence. In 
one method, prolvs derived from a biological sample are 
amplified in The pre -e nee of nucleotides that have been 
coupled to a fiuo-eycsnt label (reporter) molecule so as to 
create labeled probes, and the labeled probes are then 
incubated with to- rnicmarray so that the probe sequences 
hybridize to the ^iv,r ;n!ementary sequences immobilized on 
the micro array. A scanner is then used to determine the. 
levels and patter \s ci fluorescence. 

[0007] The art nctlicds of immobilizing polynucleotides 
on solid ?r:.ppor. ! . it? ully result in low coupling yields. In 
addition, the pel i::iclcotides are bound on the flat two- 
dim ensior.il sur r :-.c. of the substrate, whereas it is thought 
that binding the -/^.-rjiteotides within a three-dimensional 
polymer mMri:: v/ould enable more efficient hybridization. 
Thus, thtre cxisis -i ieed for methods and procedures for 
immobilizing polyr.:cK:otides to solid support for fabricat- 
ing arrays and n:>-iO?crays. 

SUM MA RY OF THE INVENTION 

[0008] Methods provided for modifying a solid sup- 
port by silylatir:: tV- support with an agent having the 
formula H-N-(OV> it SiX 3 where n is between 1 and 10, and 
X is mde-sr-dtn/Iy !-hj«n from OMe, OEt, OPr, Q, Br, or 
I, rhen :ic;ivat:crv -tb a crosslinking reagent, followed by 
reacting with re r : ,\ -containing polymer. The support can 
be further trea^d v. i ! .:-. z cross-linking reagent. A plurality of 
targets may be :jhty associated with the support and 
arranged in a dcfn.J raanner. 

[0009] Also pro vie ted are methods of attaching targets to a 
solid support. The support is silylating with an agent having 
the formula H^N-'CH^-Si?^ where n is between 1 and 10, 
and X is indepenn rj !y chosen from OMe, OEt, Q, Br, or I, 
then activating vr\ ? crosslinking reagent, followed by 
renting wi;h an :n: containing polymer. The support can 
be further tic a lie- *viih v crosslinking reagent. The support is 
then contacted ^i'h -:he targets that can optionally have a 
spacer arm at the s'-e-.id cr the 3'-end of the target 

[0010 J Also p:c * .* led is an array of polynucleotides made 
by modifying a gbss >iide by silylating with an agent having 
the formula H 2 N-;CH 2 ) n -SiX 3 where n is between 1 and 10 f 
and X is indepenci i.jii y chosen from OMe, OEt, CI, Br, or I, 
then activating v'i*.;. i. crosslinking reagent, foUowed by 
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reacting with an amine-contaioing poiyixu;. i he support can 
optionally be reacted with crosslinking agent. A plurality of 
polynucleotides are stably associated with the support in a 
defined manner. 

[0011] These and other objectives, ad vintages, anil fea- 
tures of the invention will become appai :::: lo those persons 
skilled in the art upon reading the details of Lie invention as 
more fully described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 provides a schematic representation of the 
five complimentary 59 mer oligonucleotide of SEQ ID NO.: 
1-5 to YCF 23 and the five complimentary oligonucleotide 
of SEQ ID NO.: 6-10 to YCF.44. 

[0013] FIG. 2 illustrates the relative C>3 ;ignal intensities 
corresponding to the binding of the YCF 44 polynucleotides 
onto derivatized glass slides: polyethyleainvtae (PEI), polyl- 
ysinc or polyhistidine. In this analysis, tlie signals corre- 
sponding to each type of polynucleotide ( : A } h or without an 
aminolinker) at a given concentration v-ct averaged. 

[0014] FIG. 3 illustrates the relative Cy5 signal intensities 
corresponding to the binding of polynucleotides onto deriva- 
tized glass slides: polyethylenimine (PEI), polylysine or 
polyhistidine. In this analysis, the signals corresponding to 
each type of polynucleotide (with or without an aminc- 
linker) at a given concentration were av.v^sd. 

DETAILED DESCRIPTION 

[0015] Before the present methods, a rra ys and microarrays 
are described, it is to be understood that this invention is not 
limited to particular methods and arrays described, as such 
may, of course, vary. It is also to be usdci&lood that the 
terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to be 
limiting, since the scope of the present invention will be 
limited only by the appended claims. 

[0016] Unless defined otherwise, all technical and scien- 
tific terms used herein have the same mewing as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, the 
preferred methods and materials are new described. All 
publications mentioned herein are incorporated herein by 
reference to disclose and describe the mcthc.U and/or mate- 
rials in connection with which the publications are cited. 

DEFINITIONS 

[0017] It must be noted that, as used in the specification 
and the appended claims, the singular fo> ms "a/'*' an" and 
"the" include plural referents unless the context clearly 
dictates otherwise. Thus, for example, reference to "a probe" 
means that more than one such probe 2C can be present in 
the composition. Similarly, reference to "a microarray ele- 
ment** or "the microarray element" includes the possibility 
of one or more microarray elements, an J the like. 

[0018] The term "solid support" refers to any surface onto 
which targets, such as nucleic acids, may be immobilized for 
conducting assays and reactions. . 



[0019] The term "target'*, "DNA element'' or "microarray 
element" refers to a molecule that has an affinity for a given 
sample. Targets may be naturally occurring or synthetic 
molecules, and may be attached, covalently or nonco- 
vakntly, tc a surface, either directly or via a specific binding 
substance Examples of tr.rgets which can be employed by 
this invention include, but are not restricted to, DNA, RNA, 
oligonucleotides, oligosaccharides, polysaccharides, sugars, 
proteins, peptides, PNAs, monoclonal antibodies, toxins, 
viral epitopes, hormones, hormone receptors, enzymes, 
enzyme substrates, cofactors, and drug? including agonists 
and antagonu.ts for cell surface receptors. 

[0020] The term ^microarray" refers to an array of targets 
synthesized or attached or deposited on a substrate, such as 
paper, nylon or other type of membrane, filter, chip, glass 
slide, beads, or any, other suitable solid support, at hig|i 
density. 

[0021] In one embodiment, polynucleotides and activated 
polynucleotides are attached to an amine treated solid sup- 
port, such as a glass slide. The attachment can be covalent, 
non-covaleiit, or a combination of the two. The array or the 
microarray thus manufactured may be contacted, under 
hybridization conditions, with a fluid sample containing 
labeled nucleic acid probes complementary to the polynucle- 
otide target. The hybridization pattern from the probe may 
be detected lo obtain information about the genetic profile of 
the labeled nucleic acid sample. 

[0022] In general, the invention comprises the steps of 
treating a solid support with a silylating agent to give 
aminoalkylsilated solid support; reacting the treated solid 
support with a crosslinking reagent, preferably the multi- 
functional reagent, cyanuric chloride (i.e., 2,4,6-trichlorot- 
riazine), followed by treatment with an amine-containing 
polymer, preferably polyethylenimine (PEI); optionally acti- 
vating ;he PEI-modified surface with a crosslinking reagent; 
and then contacting the solid support with targets, such as 
polynucleotides that may be optionally modified to contain 
a linker group. 

[0023] In the present invention, a solid support is treated 
initially with a silylating agent. The solid support may be 
composed of any material that is compatible with the fluids 
with which the surface comes in contact, such as, for 
example, glass, gel, silicon, fused silica, plastic, ceramic, 
paper, metal, or other polymers such as nylon. The substrate 
may be rigid or flexible, and may define a shape that is 
substantially planar in the shape of a circle, an ellipse, a 
square, a rectangle, a triangle, or any other convenient 
substantially planar shape. In the preferred embodiment, a 
rectangular glass slide is used as the substrate. The silylating 
agents are chosen such that they react with the reactive 
groups present at the surface of the substrate to form a 
primary amine. For example, the silylating agent NR' 2 -R- 
SiX 3 , where R* is independently chosen from hydrogen, 
methyl, ethyl, or propyl, R is (CHJn, where n is 1 to 10, and 
X is independently chosen from hydrogen, alkyl, Oalkyl, F, 
CI, Br, or I, where alkyl is preferably loweralkyl of from 1 
to 6 carbon atoms with the proviso that all three X groups 
together cannot be alkyl, upon reaction with the Si-OH 
groups present at or near the surface of the glass slide yields 
aminoalkysilanated glass slides. In the preferred embodi- 
ment, the rectangular glass slide is reacted with 3-amino- 
propyl-trimethoxysilane to yield aminopropylsilanated glass 
slides. 
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[0024] The ammoalkylsilanated glass slide may be treated 
with a multifunctional crosslinking reagent. In one embodi- 
ment, the crosslinking reagent contains a reactive group at 
one end that can react with the nitrogen atom of an amine 
group to form a nitrogen-carbon bond. Such reactive groups 
are well known in the art, and include halides, esters, 
epoxides, and the like. The crosslinking agent additionally 
contains a protected reactive group at the opposite end that 
is capable of beiag deprotected and undergoing further 
reaction with the amine-containing polymer. Crosslinking 
reagents include, but are not limited to, N-succinimidyl-4- 
(iodoacetamido)-benzoate (SIAB), disuccininiidyi suberate, 
1 -ethyl-3-(dimethylaminopropyl)carbodiimid€ and 2,4,6- 
trichlorotriazine (cyanuric chloride). 

[0025] The crosslinking reagent is preferably cyanuric 
chloride. The aminoalkylsilanated substrate treated with the 
crosslinking reagent may then be reacted with an amine- 
containing polymsr. Any primary, secondary, or tertiary 
amine-containing polymer may be employed. The amine- 
containing polymer may be poiyethylenirnine, poly ally - 
lamihe, polyvinylaniine, polyhistidine, polyomithine, polyl- 
ysine, and polyarginirc. In the preferred embodiment, the 
solid substrate, having been silylated and activated with the 
crosslinking reagent, is coated and modified with polyeth- 
ylenimine (PEI). The resulting PEI-modificd sun ace of the 
solid surface may optionally be treated with a crosslinking 
reagent again, such as cyanuric chloride. 

[0026] The PEI-coatsc glass slides may bt used for manu- 
facturing arrays aud micro arrays. In the preferred embodi- 
ment, targets are immobilized on ihe PEI-coated glass slides. 
The targets may include polynucleotides, oligonucleotides, 
haptens, cytokines, proteins, peptides, saccharides, and the 
like. The polynucleotides include nucleic a^id= in which the 
phosphodicsttr linkage has been replaced with a substitute 
linkage, such as phc&phorotbicale, methyl! mi no, meth- 
ylphosphona;e, pbosphcraoiidate, guanidinc and the like; 
nucleic acids in which the ribosc subunit has been substi- 
tuted, e.g. he:x5^ phosphociester; peptide nucleic; icids, and 
the like. The polynucleotides may be single or double 
stranded, and may be ?CR fragments amplified from cDNA. 
The polynucleotides may cover the known 5' or 3' nucleotide 
sequence, may be the full length sequence, or may be unique 
polynucleotides selected from particular areas along the 
length of the sequence. The polynucleotides used may be 
polynucleotides that are specific to a gene or genes of 
interest in which at least a fragment of the sequence is 
known, or that are specific to one or more unidentified 
cDNAs which are common to a particular ceJj. type, devel- 
opmental or disease state. The polynucleotides for use in the 
present invention may be synthetic polynucleotide or PGR 
fragments from about 2 to about 50,000 consecutive bases, 
preferaoly about 5 to about 500 consecutive bases in length, 
more preferably about 40-70 bases in lengiii, most prefer- 
ably about 50 to 65 bases in length. A spacer ( linker) arm, 
i.e., a chemical moiety that extends or links other chemical 
groups, and preferably is a carbon chain containing from 
about 2 tc about 12 carbon atoms, more preferably about 6 
carbon atoms, containing a blocked amine group can be 
coupled during, synthesis using conventional chemistry to 
the 5 f -hydroxy I group of a polynucleotide. Alternatively, a 
polynucleotide can be modified at the 3-ecd with a spacer 
arm containing a blocked amine group by :rv:ibods well 
known in the art. 



[0027] Preferably, a polynucleotide possessing a 5'-linker 
arm or a 3'-linker arm such as: 

A — o — -p — o — (CH^r-Y 

Or 



[0028] is employed wherein, as a spacer arm, n is 2-12 
inclusive, preferably 6; Y is an amine or a thiol, preferably 
a primary amine; and A. is an polynucleotide, ranging from 
between about 2-50000 consecutive bases, preferably about 
5 to about 500 consecutive nucleotides, with only the 
5-hydroxyl or the 3 -hydroxy group requiring modification 
for attachment. 

[0029] The selected polynucleotides are then associated 
with the polymer coated glass slides for manufacturing 
arrays and microarrays. The arrays may be produced accord- 
ing to any convenient methodology, and a number of dif- 
ferent array configurations and methods for their production 
are known to those of skill in the art and disclosed in VS. 
Fat. Nos.:5,445,^-4, 5,532,128; 5,384,261; and 5,700,637; 
the disclosure of which are herein incorporated in their., 
entirety by referent. For example, the polynucleotides may 
be stably associ i - rc vuh the substrate through non-covalent 
means, such as b> interacting with a positively charged 
surface of the substrate. Alternatively, the polynucleotides 
possessing the 5 - or the ^-terminal linker arm may be bound 
to the substrate through covalent means, such as via an 
a lkyl amino- linker group. In another embodiment of the 
invention, the polynucleotides may be associated with the 
substrate through both non-covalent and covalent means. 

[0030] In order to conduct sample analysis using the 
arrays and microarrays of the invention, the RNAor DNA 
irum a biological sample is made into hybridization probes, 
as is well known in ihe art. The hybridization probes are then 
contacted with tlx arrays and microarrays of the invention 
under hybridize :Uiu conditions to produce a hybridization 
pattern. Suitable hybridization conditions are well known to 
those of skill in ths art and reviewed in WO 95/21944 to 
Mania lis et al. Incubation conditions are adjusted so that 
hybridization occur*, with precise complementary matches 
or with various degrees of less complementarity. After 
removal of nonhvbricLzed probes, a scanner is used for 
detection or visualisation to determine the levels and pat- 
terns of fluorescence. A detection system may be used to 
measure the absence, presence, and amount of hybridization 
for all of the disuaci sequences simultaneously. 

[0031] The hybridization pattern can be used to detennine 
quantitative infer; nation about the genetic profile of the 
nucleic acids in v.c sample that was contacted with the array 
to gensrate the hybridization pattern, as well as the physi- 
ological source rV ;un waich the labeled sample nucleic acid 
was derived. The • -a;i provides information about the physi- 
ological source from which the sample nucleic acid were 
derived, such as the types of genes expressed in the tissue or 
cell which is the physiological source, as well as the levels; 
of expression 'Jl trach gene, particularly in quantitative 
terms. • " . - ■ j - 
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EXAMPLES 

[0032] The following examples art pu: forth so as io 
provide those of ordinary skill in the ai vith a complete 
disclosure and description of how ic i&zkt; asd use the 
present invention, and are not intended io ^:uil the scops of 
what the inventors regard as their iirvecdtm nor art they 
intended to represent that the experirrit lv<s below are till or 
the only experiments performed. Efforts have been made to 
ensure accuracy with respect to numbers used (e.g. amounts, 
temperatures, etc.) but some experiment a! errors and devia- 
tions should be accounted for. Unless icsJk 3 ted otherwise, 
parts are parts by weight, molecular weu-.iv; w weight aver- 
age molecular weight, temperature is in ri screes Centigrade, 
and pressure is at or near atmospheric. 

[0033] The cDNA microarrays were iv. alIi: according to 
U.S. Pat No. 5,807,522 to Brown et al. The polynucleo tides 
were synthesized and purified by Opero.o Tcc-Lnclogies, and 
used without further purification. The chemical reagents 
were obtained from Aldrich Chemical Corr.pany. and used 
without further purification. The organic solvents were of 
HPLC grade. 

EXAMPLE 1 

[0034] This example serves to demoa?!. \-..zt i method of 
silylating a glass slide. Ten glass slides, \ - ;.u:ly iivspscteu to 
be free of scratches, were selected. The ,.i .vjd glass slides 
were immersed in 1 L solution of 0.1 ^i- SVS in distilled 
water (w/v) and subjected to ultrasonic a lion for approxi- 
mately 30 minutes. The glass slides were then dried, treated 
to ultrasonication treatment in acetone io; u-i proximately 30 
minutes, and air dried. 

[0035] A 2.0% (w/v) silane solution v> is prepared by 
dissolving 3-ammoprc^yltrimethoxysii; 1 1 in deionized 
water with gentle stirring. The dried glass slide:; were dipped 
in the silane solution for 2 minutes. The glass slides were 
rinsed free of excess silane solution by jii u-? yoiiicatit;c in 
distilled water for about two minutes* :;;.:d rinsing with 
distilled water. The washed slides were <-v.-'.;: 1 a J about 120 ° 
Ofor about 30 minutes, and stored in a tlii s ) >.s environment 
until used. 

EXAMPLE 2 

[0036] This example serves to demonstrate a method for 
making 60 PEI coated glass slides. All relictions were done 
at about 4° C, unless otherwise indicated. Cyanuric chloride 
(12.7 g) was dissolved in 1 L of n-rmxane and sodium 
carbonate (25.0 g). Separately, polyethyleniniine (1.0 g, MW 
25,000 Da) was dissolved in 1 L distilled water at room 
temperature. The solutions, the glass slides from Example 1, 
2 L of n-hexanes, and additional 1 L of drilled water v/ere 
separately stored for at least 2 hours in a refrigerator capable 
of controlling the temperature at less thas ' hont 4° C. The 
glass slides were placed in two slide rues* and the racks 
were place in the cyanuric chloride solu-ion, with vigorous 
stirring of the solution. After about 1 hr , the glass slides 
were washed in 1 L of n-hexanes for about 10 mi nates in an 
ultrasound cleaner, and air-dried. The slides were then 
placed in the polyethylenimine solution for about 1 hr. The 
slides were then washed with 1 L of disiiilsd water for 10 
minutes in an ultrasound cleaner, air dried, cemrifuged to 
1006 rpm, washed in 1 L of n-hexanes for about 10 minutes 
in an ultrasound cleaner, placed back in ihe cyanuric chlo- 



ride solution foi about 1 h., washed in 1 L of n-hexanes for 
about 10 minutes in an ultrasound clsanei, and air dried. The 
slides were then r/ashed with abour 1 L acetone for about 20 
minutes in an ultrasound cleaner at room temperature, twice, 
and air dried . ' fhc slides were then stored desiccated at about 
2 to 25° C. 

EXAMPLE 3 

[0037] This example serves to demonstrate a Tricthod for 
middng 60 ].io!;.ij*sL-e coaled glass slides. The procedure of 
Example 2 was repeated, except ; g of poly lysine (Sigma) 
wos used. 

EXAMPLE 4 

[0038] This example serves to demonstrate a method for 
making 60 piMyhistidine coated glass slides. The procedure 
of Example. ?. wps repealed, except 1 g of polyhistidine 
(Sigma) wap. ■ sed. 

EXAMPLE 5 

[0039] Tri , iijUov/ing example describes ine application of 
poiymicbot.\u*;o onto a PEi -modified gl&So slide prepared in 
Example 2. • , 

[0040] Synihrtv- oligodeoxy ribonucleotides (59 bases in 
length wf.th 3*-aminoalkyl linker modifications) were pur- 
chased from Opcron Technologics(Alameda, Calif.). Seq. 
ID. No.: 1-5. shown in FIG, 1, each targeting a yeast control 
fragment (YCF 23) target sequence, were used in this 
experiment. Dilutions of these oligodeoxyribonucleotides 
(6.25 -100 ru'cromolar) v/ere made in 2x SSC buffer (pH 
7.4) and tra^-f erred to 96-wsll microliter plates. The result- 
ing sample;: were spotted onto polyethylenimine-modified 
glass slides In the Iacyte Microarray Systems production 
facility. Afu.r uira>ing, the slides were washed in 0.2% SDS 
solution for 2 zvdii. Next, the slides were rinsed in deionized 
wae* for :■. aim anil imcicrsed in a 2% casein solution in 
phosphaie bulf civd saline at 60° C. for 30 min. Then, the 
slides were rinsed in 0.2% SDS for 5 min, rinsed in 
deionized water lor 1 min, and spun dry. 

EXAMPLE 6 

[0041] Th * following example describes the use of an 
array generated according to Example 5 in a hybridization 
experiment. A synthetic RNA transcript corresponding to the 
yeast control fragment (YCF 3) target sequence was pre- 
pared as fellows. A clone containing the YCF 3 target 
sequence was provided by the Incyte Micro array Systems 
production ability. The clone was amplified with vector- 
specific prtrtcrs t-j generate the corresponding PCR ampli- 
con. This material was further amplified with PCR primers 
specific to the .3'- and 5 f -ends of the target sequence. The 
forward primer contained a T7 promoter at its 3'-end 
(NNNNNNTAAT ACGAC TCACT XTAGG GAG) and the 
reverse primer contained a 30-base poly(dT) sequence at its 
5*-end. The PCR products were purified using gel filtration. 
The purified T7 product was used as a template to generate 
RNA through in vitro transcription using Amnion's 
MEGAscribsfi kit. (Austin, Tex.). The RNA was quantitated 
by UV spectroscopy. 

[0042] CyS-labeled cDNA probe was transcribed from 1 
ng of RNA template by reverse transcription using 5 ? Cy5 
labeled raaito 9-mers (Uperon Technologies). Reactions 
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were incubaled for 2 his at 37° C wilh 200 Units MMLV 
reverse transcriptase (Life Technologies, Gaithcrsburg, 
Md.), 4 mM DIT, I unit RNase Inhibitor (Ambion, Austin, 
Tex.), 0.5 mM dNTPs, and 2 mg of the Cy5-labeled random 
9-mer in a buffer provided by the manufacturer (25 mL final 
volume). The reactions were terminated by incubation at 85° 
C. for 5 min. The reactions were then purified with a TE-30 
column (Clontech, Palo Alto, Calif.), made upto a volume of 
90 mL with deienized water, and precipitated with 2 mL i 
mg/mL glycogen, 60 mL 5M NH 4 OAc, and 300 mL ethanol. 
The pellets were resuspended in 24 mL of hybridization 
solution: 5X SSC., 0.2% SDS, 1 mM DTT. 

[0043] The Cy5 -labeled cDNA probe was applied to the 
array, covered with a 22-mm 2 glass cover slip, placed in a 
sealed chamber to prevent evaporation, and incubated at 60° 
C. for six hns. After the hybridization, the arrays were 
washed for 10 minutes in IX SSC /0.1%SDS at 45° C. then 
for 3minutes inCUX SSC 10,2% SDS at 25° C. The arrays 
were imaged by cenfocal laser scanning using GcnePix™ 
scanners (Foster City, Calif.) with a 10 mm resolution. Hie 
signal was converted into 16-bits-per-pixcl resolution, yield- 
ing a 65,53(5 count dynamic range. Incyle GEMlools™ 
software (Incyie Pharmaceuticals* Inc., Pale Alto, Calif.) 
was used fcr image arvalysis. Signals were corrected for local 
background The example demonstrates the use of this 
invention for detection of a target sequence in a microarray 
formal using immobilized polynucleotides. 

EXAMPLE 7 

[0044] The following example compares the performance 
of glass slides cos red w?th rolyethlemmini- , poly Vysine and 
polyhistidine. 

[0045] lu order to compare their ability to bind polynucle- 
otides, and to examine the hybridization pertoimarjce of the 



corresponding arrays, the following experiment was con- 
ducted. Polynucleotide sequences (Seq. ID. No.: 6-10, 
shown in FIG. I) were designed against an intronic yeast 
control fragment sequence, YCF 44. The polynucleotides 
were purchased from Operon Technologies. Each sequence 
was synthesized ha four different derivatives: (1) unmodi- 
fied; (2) 3-aminolinker modified (unlabeled); 5 1 -dye-labeled 
(cyanine 3, no arr.inolinker); and 5'-dye labeled (cyanine 3) 
plus 3'-aminolinkvr modified. Polynucleotides of the same 
sequence plus a 3 -a.minolinker were mixed in a 10:90 molar 
ratio (dye labeled: unlabeled). Polynucleotides without a 
3 f -aminolinker wure likewise mixed in a 10:90 molar ratio 
(dye labeled: unlabeled). Each mixture was reconstituted in 
2x SSC buffer and distributed into a 96-well plate at 1 mM, 
10 mM and 100 mM concentrations. Each of the resulting 
samples was then printed onto the modified glass substrates 
four times to enable signal averaging. Next, the slides were 
washed, blocked, and dried as described in Example 6. Then, 
the slides were scanned using a two-color laser^canning 
device (Axon Instruments) to obtain a relative measure of 
the amount of Cy3 dye deposited at each spot. Representa- 
tive data is shown in FIG. 2. In each case, the amino linker- 
modified polynucleotides bound in greater abundance com- 
pared to the corresponding sequences without arninolinkers. 
Nevertheless, tiu data indicates that the polynucleotides 
bind' via a mixture- of covalent and noncovalent interactions. 

[00461 In order to measure the hybridization activity of. 
polynucleotide* ix-und onto the coatings according to this 
example, a symbolic RNA transcript was prepared from 
YCF 44 as described in the previous example. The genera- 
tion of Cy5-labckd cDNA probe, hybridization and data 
analysis were conducted as described in the previous 
example. The resisting hybridized arrays were then scanned 
in the Cy5 chancel to provide a relative measure of hybrid* 
ized probe. Repr. B .;entat;.ve data is shown in FIG. 3. 



SEQUENCE LISTING 



<16C> NUMBER CP SEQ ID NOS: 10 

<210> SEQ ID *IC 1 
<211> LENGTH-: 5 9 
<212> TYPE: DSA 

<213> OKGA3IS&: C indie a tlbicane 
<22Z> FEATURE : 

<221> NAME/5tEY : miEC„f eature 

<223> OTHER INFORMATION: Incyte ID No: F23S1 
<400> SKQ-JEKCE; 1 

atccgccaca ■taags'tccac aaaatgagee tatancattg anttttetga tagaacgaa 59 



<2IC> SEQ ID NO 2 
<2H> LENGTH: S9 
<212> TlfF3: DNA 

<213> ORGANISM: Candida albicans 
<22u> F.IATU^E: 

<22\> NAME /SHY: adsc_f eature 

<22>> GTHZR li: r'CSMATION: Incyte ID No: F2.1S200 

. <4o:> ciscuzxcs: 2 



aactttatgeg agt-fcfttit-gaa cttggtagaa agtacgga«.i gacacaatag tattatcaa 



59 
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-continued 



<210> SEQ ID HO 3 
<211> LENGTHS 59 
<212> TYPE I DNA 

<213> ORGANISM! Candida albicans 
<220> FEATURE: 

<221> NAME/KEY x misc_f eature 

<223> OTHER INFORMATION: Incyte IT Vr. *. F23S431 
<400> SEQUENCE: 3 

aagtcacaat atcttattat tatttggaag ctt:-=t&.tatg catctaatgg tcataaatc 59 



<210> SEQ ID NO 4 
<211> LENGTHS 59 
<212> TYPE: DHA 

<213> ORGANISM t Candida albicans 
<220> FEATURES 

<221> NAME/KEYs misc.f eature 

<2 23> OTHER INFORMATION s In cyt e ID I v F2 3 S 8 0 S 
<400> SEQUENCE x 4 

aagtttcatt agtgacatta aaagaagaaa act<intgtt"t tgaaatgtgt taagcaaag 59 



<210> SEQ ID NO 5 
<211> LENGTH t 59 
<212> TYPES DNA 

<213> ORGANISM: Candida albicans 
<220> FEATURE: 

<221> NAME/KEY s misc_f eature 

<223> OTHER INFORMATION s Incyte ID lie : F23S646 
<400> SEQUENCES 5 

aatgattaag acaatctcaa getgetctaa gcagtatctt cgacagcttg ctctgcttc 5? 



<210> SEQ ID NO 6 
<211> LENGTH: 59 
<212> TYPES DNA 

<213> ORGANISM: Candida albicans 
<220> FEATURE: 

<221> NAME /KEY i misc_f eature 

<223> OTHER INFORMATION : Incyte ID ! r. ; 

<400> SEQUENCE: 6 

agacgataaa a-tcacagccc tataatttat g;;aac;agtgt ttgcttctaa atct.acgtg 59 



<210> SEQ ID NO 7 
<211> LENGTH: 59 
<212> TYPES DNA 

<2 1 3> ORGANISM : Candida albicans 
<220> FEATURES 

<221> NAME/KEY s misc_f eature 

<223> OTHER INFORMATION: Incyte II- ihn r;4.S213 
<400> SEQUENCES 7 

gaagaagaga agaacataag ccttctcatt ca'jawcatgt aaatagtggc taaaatggt 59 



<210> SEQ ID NO 8 
<211> LENGTHS 59 
<212> TYPE: DNA 

<213> ORGANISMS Candida albicans 
<220> FEATURE: 

<221> NAME/KEYs miec_f eature 

<223> OTHER INFORMATION s Incyte ID Ko: F44S668 
<400> SEQUENCES 0 

taaagectae ttacgagaag agaggtagga cc*;-.^t. a gcc acatccataa ataattttr b9 
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-continued 



<210> SEQ ID NO 9 
<211> LENGTH: 59 
<212> TYPE i DNA 

<213> ORGANISM: Candida albicans 
<220> FEATURE: 

<221> XAME/XZV : raiuc_f eature 

<223> OTHER INFORMATION: Incyte ID No: F44S781 
<400> SEQUENCE: 9 

cagtcagtaa ccttttaggc attgattcta gtaactg-tcg aacattatta accttgatg 



<210> SEQ ID NO 10 
<211> LENGTH: Z0 
<212> TYPE: DNA 

<213> ORGANISM: Candida albicans 
<220> FEATURE: 

<221> NAME /KEY : misc_f eature 

<223> OTH2R INFORMATION: Incyte ID No: F44S943 
<400> SEQUENCE: 10 

c*tttgg-tag tataggggaa aactcagctt gaaacttttc g-taattgagt aggccaagt 



1. A method of attaching target molecules to a solid 
support, the method comprising the steps of: 

a) silylatiog the support with an agent having the formula 
H 2 N-(CH 2 ) 11 -SiX3 where n is between 1 and 10, and X 
is~indcpecdsnily chosen from OMe, OEt, CI, Br, or I; 

b) activating with a first crosslinking reageDt; 

c) reacting with an amine-containing polymer to form a 
modified solid support; and 

d) attaching target molecules to the modified solid sup- 
port, wherein the target molecules are arranged in a 
defined manner on the modified solid support. 

2. The method of claim 1, wherein after the reacting step, 
the solid support is further modified with a second crosslink- 
ing reagent. 

3. The raethed of claim 1, wherein the solid support is 
selected from the group consisting of glass, silica, plastic, 
ceramic, beads, and nylon, and combinations thereof. 

4. Tne method of claim 1, wherein the solid support is 
glass. 

5. The method of claim 1, wherein the crosslinking 
reagent is cyanuric chloride. 

6. The method of claim 1, wherein the amine-containing 
polymer is selected from the group consisting of polyeth- 
ylenimine, polybistidine, polylysine, and polyarginine, and 
combinations thereof. 

7. Tne method of claim 1, wherein the amine-containing 
polymer is polyctbj'lemmine. 

8. l"be method of claim i, wherein the target molecules 
are selected from the group consisting of target polynucle- 
otides, target polypeptides and target polysaccharides. 

9. The method of claim 1, wherein the target molecules 
are target polypeptides. 

10. The method of claim 1, wherein the target molecules 
are target polypeptides, the solid support is glass, the 



crosslinking reagent is cyanuric chloride, and the amine- 
containing polymer is polyethylenimine. 

11. The method of claim 1, wherein the target molecules 
are target antibodies. 

12. The method of claim 1, wherein the target molecules 
are target antibodies, the solid support is glass, the crosslink- 
ing reagent is cyanuric chloride, and the amine-containing 
polymer is polyeihylenimine. 

13. The method of claim 1, wherein the target molecules 
are target monoclonal antibodies. 

14. The method of claim 1, wherein the target molecules 
are target monoclonal antibodies, the solid support is glass* 
the crosslinking reagent is cyanuric chloride, and the amine- 
containing poly nor is polyethylenimine. 

15. The method of claim 1, wherein the target molecules 
are covalenlly attached to the modified solid support 

16. The metLw: of claim 1, wherein the target molecules 
are non-covalently attached to the modified solid support. 

17. The methctl of claim 1, wherein the target molecules 
are both covalenily and non-covalently attached to the 
modified solid support. 

18. An array of target molecules, the array comprising: 

a solid support modified by a method comprising the steps 

of: 

a) silylating the support with an agent having the formula 
H 2 N-(CK 2 ) 0 -vSiX 3 where n is between 1 and 10, and X 
is independently chosen from OMe, OEt, CI, Br, or I; 

b) activating voth a first crosslinking reagent; 

c) reacting wiib an aiaine-containing polymer; and 

a plurality of lirgct molecules arranged in a defined 
manner an,*? attached to the support. 

19. The array cf claim 18, wherein after the reacting step, 
the solid support is further to modified with a second 
crosslinking re&gint. 
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20. The array of claim 18, wherein the solid support is 
selected from the group consisting of glass, silica, plastic, 
ceramic, beads, and nylon, and combinations; thereof. 

21. lie array of claim 18, wherein the solid support is 
glass. 

22. The array of claim 18, wherein the crosslinking 
reagent is cyanuric chloride. 

23. The array of claim 18. wherein the arriine-containing 
polymer is selected from the group consisting of polyeth- 
ylemmine, polyhistidine, polylysine, and polyarginine, and 
combinations thereof. 

24. The array of claim 18, wherein the a mine-containing 
polymer is polyethylenirrrine. 

25. The array of claim 18, wherein the target molecules 
are selected from the group consisting of target polynucle- 
otides, target polypeptides and target polysaccharides. 

26. The array of claim 18, wherein the target molecules 
are target polypeptides. 

27. The array of claim 18, wherein the target molecules 
are target polypeptides, the solid support is glass, the 
crosslinking reagent is cyanuric chloride, and the amine- 
containing polymer is polyethylenimine. 



28. The Lrray of claim IS, wherein the target molecules 
arc target antibodies. 

29. The array of claim 18, wherein ihe target molecules 
are Urgct antibodies, the solid support is glass, ths crosslink- 
ing reagent is cyanuric chloride, and the amine-ccntaining 
polymer is polyethylenimine. 

30. The array of claim 18, wherein the target molecules 
are target monoclonal antibodies. 

31. The array of claim IS, wherein the target molecules 
are target monoclonal antibodies, the solid support is glass, 
the crosslinking reagent is cyanuric chloride, and the amine- 
containing polymer is polyethylenimine. 

32. The array of claim 18, wherein the target molecules 
are covalently attached to the modified solid support 

33. The array ol claim 18, wherein the target molecules 
are non-covalently attached to the modified solid support. 

34. The array of claim 18, wherein the target molecules 
are both covalently and non-covalently attached to the 
modified solid support. 

***** 



